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[Figue and tsvlea referred to are expended.]

ke oxidalion of propene was giudied under static conditions for the mirtura
33"-{3—5- 02 8% T =350 uaq Pinitia.lﬂ 282 me of mercury; i.e., in that reglon of
.high tempersture oxidation ia vhich the negative temperature coefficlant of the

“ xasction velocity is clearly expresged. Erployment of analytical methods gave

us the ‘pesuibility of, quantitively deter—mining the foilowing possible componants

of the reneting mixture: ("358 » Op> 0336’ C‘aﬂh, CH),, 0336,82,00, coe,mm,c%cuo,cr%ox,

the sum of higher alcchols, the smum of scids » B30,, eod organic peroxide. Beparste
determination of HOHO snd 0330110 ¥ag insured by use of the polargraphic method of

a.miyuis; for separate determinstion of CF._(OH end the sum of higher alcohols » the

method of oxidizing with a nixture of KQCrao_-l-HESDh was uged (mgh 2 preliwinary
ssparaticn of alcohols from other productsj'; for the doterminstion of zaturated
hydrocarbons & method of low temperature evaporation at low rreseure wes used,
The aacuat of water formed during the oxidstion was calculated by the difference

" betwsun -the spent quantity of {(Trom 0335) and 02, and their mmount found in

the formed intermeciated and e product®.  8ince“the ratio bew.w . wye differences
(Ha H 02) cal>i.ated by this means vas alvays close to two, the 4amount in qusstion
was hum_d to ropresent water only,

: The kivetics of expenditure of izitial products andacewmuletion of inter-
‘wediste and epd products of oxidation in mixture C3EB+ 02 under the selected

conditions (T=350° and Pintt1aT 262 wa), as well as the kinetics of this re-
-‘action under pressure are set forth in Figure 1. As seen from the drawing, the
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with & waxlwua totsl increment of pressure amounting t¢ Ap =30 wy, certain nAaxi -
ruz values (1.8 : 11,5 ana 4.5 mn, reapectively), afler which the concentration of
Leroxidas beging o decremge {to 0.2 za towards tue end of the interaetion), while
the concentraticn of aldebydes remaing constant, 8ewtlogarithmic ancworphosiy

6L ks concentration curwas of the pewawidas and 2ldshydes zivwes sralght lines

$0 the points vhere these intermediate productc reach maxdem corcentraticns. Thig
proves that ecowmlation takeg place according to an exponeuntial law. Ag fop

28 alcolinle ape concerned, only matayl aelcchol ia obtained in the oxidetion of
ypropans. TIts quaatity increases throughout the cntire rmn of the redetion, reach-
irg ot the end 2 value ef 25 wm, )

quantities of peroxiies {principally H,0,) =nd aidehydes (ECEOaana cﬁeuﬂr)) reach,

Propylene ana ethylene accurmuiate durirg the entire mm of the oxddation,
reashdng at 1&z epa 19 en3 8 =, respactively. Throughout tre cxbent of {he
entire resction tha relationship c3H6 : CHy=2.3, Methane ig found in the prod-

uet# of the reanticn in guzntities of the game crder as the guentity of cthylene.

A fact worth 2oting 15 that tie ratlo of the gmount of propane used for the
Tormation of oxygen-containing produsts -- GH40F, ECm), 0313020, oxygen, €O, (202 ,

o it'_a Emount used for the formation of 03:‘&6, C.'Dﬂk.and CH,}, Increases during the

run of the roactiom (from 0.6 ah 2710 e da 1NY o 560 ma). Thia fact must
D& consiGered in draving up the acheme of the process,

A full balance on C Hz and Q, for the entlre s of the reaction is set forth
it Tahle 1, from whickh ié £ollows that the analyeis covers £11 the wain products
of the oxidation. The ratio o0f formed water, detornired by calculstion from She |
balance, to the total emount of CO+CO0s repaing coestant durircg the run of the
resction and is nearly egual to 1,4,

Calcniation of the reaction rate from the incremeat in total preggsura and
consumption of C> shows that +he maximu rate of commumpticn of 0> vccurs at
the moment (A p=30 wm) when the Quantitier of peroxide and aldebydes reseh
their maxitm, vhile the ‘waximum rate of inoremae in total pressure takes place
suzh earlier ( p 17 ma2).In this is fourd cne of the kizetlc manifestations of
the difference between the precesses of oxidation of (;'3H aad,CBHG g

] 6
H The inf'lvence of adding Ciseno, C3ﬂ6 204 CH,0F on the oxtdation of the
wixture 9336-;-02 at T=350° gng Pinitial= 282 ma ves studied, This proved ;

et adding 1.9 mm-CHiCHD (1.e., two and one hal? times less than 1te maxfmun ;

accumulation in the reaction) shortens the vime reguired for reeching the maxi- !
mm rate by @ factor of 8 and Geudles the absolute value of the lstter. The |
qukatities. of ECHC ard CH, CHO found at the end of the remction (even when :
adding elght mm GH3CHO to the initial wixture) rewain the came ag they would

wvithout any addition of CB-CHO. Adding C He and CH3OH to the orixinai mixture

effected an incresse in $ipsl yield of these substedces equal approximately to

the smount added. From this 1t follows that - He and CH,0H formed during the

oxidetion are not subject to further oxidntion Under our donditions,

In experimenis on prepared mixtures exelogous $o thore which vere described £or the
oxidation of C3¥g (2), 1t was found that in the cage of C3Hg, the substance which

determines the bra.nched-degen_emf.e character of the oxidation is g8lgo 0113050.

The course of the oxidaiion of propene was determined by considering the
following:

o
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a), ’.L‘Ige vxidetion of prepane Goss nob take blace through the oridstion of
€355 formed in the Sourse of the resction, This 1g indicated by %he result of
experiments in which "3H6 V88 edded to the initisl mixture (nee abova),

‘ ‘5) O3y, CpX . OHy end K, the usual yroducks or propspe cracking, are
F150 Ghiailda by crankilly tn 1%s omldation. e Pect thet in the cups of ewids.

ion theme profusts mre fomred 2% gossvhat lower terperetures, 16 exploined
by the prosence of O s Wiieh noticeably facilitates the course of the reaction
along the puth of crﬁc_king. : . )

¢} EUHD, formed in the resstion, 48 not o refuet of the Asgradation of CH,

G3u, This £ollews from the sbzeace of any influence of eddition of 0)?!302’.9 to

the Initia) mixturs on the fment of I0EO fourd ot the epd of the reaction {see
sbove), - .

&) Purther oxidetion of the aldehydes formed in the reactior proceeds ac-
cording to the ATy egustions:. BCHO+ 4 Dy= co+112,b ond (7336'}10-#-1%02:200-}-

2320. Ey the same course of oxldetion of aldehydes, €O 15 cbtained and, Just

1tke £0z 18 obtoined in equimolecular qusntities with the water formed at the
aome . tige.,

&) waber is rorsaed not only in the oxidation of aldehydes. This follows
from tee fact that the relationship of 8‘20:(00—}-002) >1{&1.4 througkout the

ertire run of the reaction).
0) c3118+02= (a+1s0) ¢ 31{74-&02
1) ”"3337=°zgh+'w3
2) CH3+C3HB== CEyf-n 337

L) n+c3xe=zze+n~c5357
5) "'935-(+°a=i’csﬁ7°2
5 0~C
&} 1-c3n702==c33cu -+ 1330

¢ &= 1
T CE30+ 358 0H30H+ -c3tr7
9) -C3H,0, 4 0, == 3CH,0-+08
10} oa+c3n8=nao+n-c337
11) ¢n3cxo+oa-cx‘,cgo+xo2_

12) cxacno-_;-%naa: c;zacxo+1~c3x_{

B
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13} 2CH CHOY-t, = 2CH. 000K
3 2 3

14) CE,CO0H+0 =200 401 o
3 2 2
15) 20E,0+0,7= 200+215,0

18) n-C3K,l,o?-> braok

17) 143!3702-> breai

The scheme postuletes two directions of the reaction, creching cad oxidatica,
ihe Tiyit iz browght about by the deceuposition of n-C3H7c-nly » the second by the

o:&ﬁation of n-C3II7 as well ‘as i-(.‘3117. In thie connection it 48 assumed thud ke

freec raodicals end atemg arlsing from the decompositior end oxidotion of n-cgs,;,
{2.0. ; CH3 , H, 0¥) are sufficlently actite for regeneration of n-c3g7 durlng the :

reaction starhing with the initial propauc, while the radicals Tormed by vay of
oxidation of 1-(33117 and in the courses of oyidat;on o? CE_;)CHO lezding +o bronzh-

icg (i.e., to CH,0 und C'HECHO), by virtue: of their weaker activities ere cap-
akle of zegenemténg 1-0357 only /in the reaction starting with propan_e]. In

thios winner, the tranched part of the oxidation path of the reaction turns out
to be fully separated frow the eracking. This makes 1t pessible to explsin the
obgerved growth, during the course of the process, of the ratio of 03{1'8 used

up."1n "g.he oxidation, to 0‘3!!8 used up in cracking (sece above).

CGut of the scheme and the assumed conditionsthe following relations
follow:

‘1. The emounts of gctually formed (i.e., without taking into consideration
fuirther ~rddaticn) CH;*OH and 01136}10 zust be equal to each other. - i
. . 2. The smount of 320 obtained other than by oxidaticn of aldeayden, i.e.,

[B30 ~(CO+C0,) 7 must equal one third of the actually formed HCHO.

3. lowering of the coicentration of O, durlng the course of the reaction
wust be reflected in en incrense of the mt%o of actually formed CH30H0 ‘%o HCHO.

In checking thase relationships, 1% in necessary to calculate the amount of
actually formed NCHO and CH3(:HO at every given moment of the reaction, This can be !
done in the Toliowing wny. “Since the formed CH30}I does not undergo further {
oxidation, its analytically determined smount 13 equal to thz ‘amount of actually ;
formed CHyCHO /prior to the latteria conversion/. The difference between the '
933630 degemlned in this manncr and the analyticeily detemmined CHACHAO glves
the ameunt of CH.CHO. subjJected to oxidation. Subtracting from the gualytically
found sum of {(CO- COp) twice the amount of oxidizad CH3CHO, we get the emount

of (CO+00} rormeq through the oxidation of ECHO, Adding it to She enalytically ?
d.etemiged amount of HCHO, we f£ind the emount of sctually formed HCEO, ]‘
1

Calculating in this manner the amounts of 011-301{0 axd ACHO actunlly formed

.ip the courge of the reaction, one may compare cpe thixd of the virtuslly formed .
"HCEO with the experimentally obtalned difference [Bp0+(C0+C0,) 7 aud compute ‘:
the retlo of CHLCHO to ACHO. As Been by the velues in Table I%, this gives o

good confirmstidn of the relationshipa derived from the proposed scheme.

-
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Table 1
. mxt Atuze of c’sxa-yoa; 1‘:r35003-_p£

<

 Promsme Mo X

=232 wp Ig

2,

Incresent in Veggel Expended  Poung . Expended  Found
Ry 1O e — -

Diffarence  Bapdrded .

-2

;0 by Bueilual

Found  Difference By and 0

H.thum csasﬁuoa 5 T=35(9

Table 2

b Pintt1a) =28 wn g

3 57 30 31.4 50 34,2 5.8 5.7 k.bs 2,25 k.5
10 TL.5 51 5i.5 68 52 16 16 13 9 hF]
P 76.5 1”7 70.2 96 7.8 2.2 29 15.2 2.8 29

W 22 79.2 87 84,6 116 90.6 25,4 3t 21,8 12.2 by

w30 . 6% 117 115.% 160 114 45 58.3 31 17.3 34,6

o %0 _92.5 153 156 20k 148,5 55.5 70.6 k3.5 27,1 Sh.2
v & 150 210 208.2 260 180.5 9. 11 67 Ly 93

Pressure incrément (mm) 10 17

30 Lo

One third of actuslly formed -
©f HOHO in mm (calculated) 3.56 5.55 9.7 0.6
{iao - (co+coz)_)'_7 in m
(from expoiiment 3.4 5.2 8.2 11.3
i .
Ratfo of actually
formed CH;CRO : BCHO 0.215 0.33 0.30

0.4g

o

Rty




